We report the magnetic phase diagram of single-crystalline LiFePO 4 in magnetic fields up to 58 T and present a detailed study of magneto-elastic coupling by means of high-resolution capacitance dilatometry. Large anomalies at T N in the thermal expansion coefficient α imply pronounced magneto-elastic coupling. Quantitative analysis yields the magnetic Grüneisen parameter γ mag = 6.7(5) · 10 −7 mol/J. The positive hydrostatic pressure dependence dT N /dp = 1.46(11) K/GPa is dominated by uniaxial effects along the a-axis. 
INTRODUCTION
studied by means of a Quantum Design MPMS-XL5 SQUID magnetometer and in fields up to 15 T in a home-built vibrating sample magnetometer (VSM) [23] . Pulsed-magneticfield magnetisation was studied up to 58 T at Helmholtz Zentrum Dresden Rossendorf by the induction method using a coaxial pick-up coil system [24] . The pulse raising time was 7 ms. The pulsed-field magnetisation data were calibrated using static magnetic field measurements. The relative length changes dL/L were studied on a cuboidally-shaped crystal with a dimension of 3x3x2 mm 3 . The measurements were done by means of a threeterminal high-resolution capacitance dilatometer. [25] In order to investigate the effect of magnetic fields, the linear thermal expansion coefficients α i = 1/L i · dL i (T )/dT were studied in magnetic fields up to 15 T which were applied along the direction of the measured length changes i = a, b, c. In addition, the field-induced length changes were measured at various fixed temperatures in magnetic fields up to 15 T and the longitudinal magnetostriction coefficient λ i = 1/L i · dL i (B i )/dB i was derived. 
EXPERIMENTAL RESULTS

Static magnetic susceptibility
The onset of long-range antiferromagnetic order in LiFePO 4 at T N = 50.0(5) K is associated with pronounced anomalies in the magnetic susceptibility and in the thermal expansion ( Figs. 1 and 2 ). The magnetic susceptibility implies that the crystallographic b-axis is the easy magnetic axis in agreement with previous studies. [18, 19] At high temperatures, the magnetic susceptibility obeys Curie-Weiss behaviour and the differences in magnetisation along the crystallographic axes can be associated to the anisotropy of the g-tensor. The data have hence been corrected by respective values of the g-factors, g i , which have been obtained by fitting the volume susceptibility by means of a Curie-Weiss-law and obtaining best overlap of χ i at high temperatures. This procedure yields g a = 2.24(3), g b = 2.31 (2) and g c = 1.99(3). However, the data imply anisotropy below 250 K which is not associated with the g-tensor, as visualized by Fig. 1. [31] We also note a Curie-like upturn at low temperatures which is particularly pronounced for B c-axis, thereby indicating the presence of anisotropic quasi-free magnetic moments (cf. also Fig. 4a ). 
Thermal expansion
The evolution of long-range magnetic order at T N is confirmed by sharp anomalies of the uniaxial thermal expansion coefficients α i (i = a, b, c) ( 
Magnetisation
The magnetisation M vs. B at T = 1.5 K along the three crystallographic axes is shown in Upon heating, the anomaly at B C1 vanishes. The magnetisation jump at B SF decreases and is smeared out while the critical field changes only very weakly (Fig. 5b) . At the same time, at higher temperatures the saturation field appears to be visible in the accessible field range. At T = 20 K, we find B sat = 56(3) T which is well identified by a peak in ∂M/∂B (see the inset of Fig. 5b ). In addition, there is a slight left-bending of M vs. B just below B sat . However, the almost constant slope of the M vs. B curve evidences a predominant 3D character of magnetism, which is in accord with the size of the ordered magnetic moment observed in the ordered phase at low temperatures. [1, 27] A rough estimate by means of a Clausius-Clapeyron relation ∆S = −∆M · ∂B/∂T ≈
J/(mol K) implies only insignificant entropy changes associated with this transition. [28]
At T = 1.5 K, there is a precursing anomaly in M (B) indicating the presence of a competing antiferromagnetic phase AFM' evolving at B C1 = 29 T. Finally, the phase diagram in Fig. 6 presents characteristic temperatures/fields associated with the above-discussed feature in the thermal expansion coefficient which signals a structure-dielectric coupling. Fig. 6 displays the characteristic temperatures T * and T * m of the step-like behaviour and the minimum in α, respectively.
DISCUSSION
Comparing the non-phononic contributions to the specific heat and to the thermal expansion coefficient enables further conclusions on the nature of the associated ordering phenomena. In order to clarify the presence of one or more relevant energy scales, the volume thermal expansion coefficient α v (Fig. 7 inset) , as derived by adding the uniaxial coefficients α i , is to be compared with the respective entropy changes, as measured by the specific heat.
For this comparison we use specific heat data by Loos et al. [29] obtained on polycrystalline anomalies by means of a combined model consisting of a sum of Debye and Einstein terms: Comparison of the non-phononic parts of c p and α v , i.e., the respective differences of the measured data to the phononic fits, enables investigating the Grüneisen ratio of the associated length and entropy changes. Accordingly, the (magnetic) thermal expansion coefficient and the specific heat are shown in the main of Fig. 7 . Firstly, the data imply that the above mentioned procedure yields reliable results as there is a large temperature regime where c analysis hence clearly show that the entropy and length changes in this temperature regime are driven by one degree of freedom. It is tempting to attribute this mainly to the spin degrees of freedom, i.e., the entropy changes are of magnetic nature which is supported by the fact that the extracted non-phononic entropy changes ∆S nearly agree to the expected spin entropy. To be specific, while there is no magnetic contribution to c p and α v above ∼ 90 K, the two quantities match well down to about 40 K, including the behaviour at T N .
Scaling yields a Grüneisen parameter of γ mag = 6.7(5) · 10 −7 mol/J. This value is associated with the pressure dependence of T N being dT N /dp = γ mag T N V m = 1.5(1) K/GPa which is deduced using the molar volume V m = 43.6 cm 3 . [22] Notably, however, the scaled data show a significant deviation from each other well below in a two-sublattice mean-field model. It is described by
with the magnetic field B||b, g b = 2.31, S b the spin component in b-direction and µ B the Bohr magneton. J AF is the effective exchange interaction between the sublattices i and j. The low-temperature upturn of static susceptibility as well as the right-bending of the magnetisation curves below B = 10 T indicate the presence of anisotropic quasi-free moments. It has been shown [22] for single-crystals LiMn 1−x Fe x PO 4 that the presence of such anisotropic moments evolves with increasing iron content x. One may speculate that the quasi-free moments originate from Fe 2+ anti-site disorder [22, 30] , whereby some Fe 2+ -ions reside on Li-positions due to the similar radii of the two respective ions. Anti-site disorder in the investigated crystal has been estimated to about 2.3(2)% [22] .
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